Introduction
This report contains slides and speaker's notes used for an oral presentation given at the 2010 National Environmental Monitoring Conference (http://www.nemc.us/) held in Washington, D.C., in August 2010.
The slides also contain preliminary results for the determination of hexavalent chromium, Cr(VI), in two standard reference materials (SRM 2701 and SRM 2700) prepared by the U.S. Geological Survey in a collaboration with the National Institute for Standards and Technology (NIST) and the New Jersey Department of Environmental Protection. Speciation analysis of these samples for hexavalent chromium, Cr(VI), was carried out by High Performance Liquid Chromatography (HPLC) coupled to Inductively Coupled Plasma Mass Spectrometry (ICP-MS) using a method discussed by Wolf and others (2007) . Issues encountered during speciation analysis including calibration standard purity and stability, sample stability, and vial contamination are also addressed. The use of an analytical spike on every sample is discussed as a means of assessing overall data quality and determining sample matrix effects on species stability and possible species interconversions.
The slides provide an overview and discussion of the various methods available for extraction of Cr(VI) from solid materials. The most commonly used method, U.S. Environmental Protection Agency (USEPA) Method 3060A has some disadvantages and is not fully compatible with the detection method used in this study. Other extraction methods using phosphate and ammonium sulfate buffers were also incompatible with the analytical determination method. Based on work done on air filter samples, a new extraction method based on methods used by the Occupational Safety and Health Administration (OSHA) and the National Institute for Occupational Safety and Health (NIOSH) using a 1 mM Na 2 CO 3 /9 mM NaHCO 3 buffer (10mM sodium bicarbonate buffer) at a pH of 9-9.3 was tested for use with the NIST SRMs 2701 and 2700. Preliminary studies using a 3-hour ultrasonic extraction with the 10-mM sodium bicarbonate buffer resulted in 99 percent recoveries for Cr(VI) from BCR 545 (IRMM, Belgium), a reference material for Cr(VI) in welding dust on an air filter, and acceptable, 88 percent recovery for NIST 2701 suspended on quartz filter media.
Results in Slide 16 for subsequent studies using USEPA Method 3060A as written showed that recoveries for Cr(VI) were low (75 percent) for NIST 2701. It is postulated that some of the losses might be occurring from coprecipitation of the Cr(VI) with the Mg(CO 3 ) 2 /Mg(OH) 2 precipitate that is formed when Mg 2+ is added to eliminate concomitant elements that may reduce Cr(VI) or that the sample matrix is responsible for oxidation/reduction reactions that reduce the amount of Cr(VI) present. Experiments performed using a modified version of USEPA Method 3060A resulted in increased recoveries of Cr(VI) of up to 85 percent for NIST 2701 when the Mg 2+ coprecipitation reagent required by USEPA Method 3060A is omitted along with the phosphate buffer. The authors believe this increased recovery when Mg 2+ is omitted is some indication that a portion of the Cr(VI) is being coprecipitated with the Mg(CO 3 ) 2 /Mg(OH) 2 precipitate. Further studies will be performed to confirm this, including Scanning Electron Microscopy (SEM) analysis of the USEPA Method 3060A precipitate. An additional experiment using a micronized portion (particle size reduced from approximately 200 µm to approximately 30 µm) of NIST 2701 and the modified USEPA Method 3060A extraction resulted in 92 percent recovery of the Cr(VI) level stated on the certificate. Experiments with the 10-mM sodium bicarbonate buffer resulted in 82 percent recoveries for NIST 2701 when 0.5 g of sample was extracted with 50 mL of extraction fluid on a hot plate at 90-95º C for one hour. Bulk ultrasonic extractions, where the sample was added to bottom of centrifuge tube and shaken periodically during extraction, performed with the 10 mM sodium bicarbonate solution resulted in low (54 percent) recoveries for NIST 2701 as shipped where the particle size was approximately 200 µm. Micronizing the NIST 2701 sample to reduce the particle size to approximately 30 µm prior to extraction improved recoveries to 63 percent. Recoveries were improved by using a quartz filter to support 0.05-0.15 g of the sample during the ultrasonic extraction to 61 percent and 72 percent for the as-shipped and micronized portions of NIST 2701, respectively.
Results for initial studies in Slide 17 using NIST 2700, which is a 1:40 dilution of the NIST 2701 material using ground high-purity quartz as a diluent, and the USEPA Method 3060A extraction as written gave an average Cr(VI) value of 13.8 mg/kg which was 100 percent recovery of predicted value of 13.8 mg/kg (based on the 1:40 dilution performed on NIST 2701 containing 551 mg/kg Cr(VI)). The results for the modified version of USEPA Method 3060A were higher than expected and it is believed that the samples may have been improperly labeled and confused with a different dilution (1:20) of NIST 2701. Another round of extractions will be performed to verify these results. The results for the hot plate and ultrasonic extractions were similar and resulted in somewhat low recoveries (65-72 percent) for all trials except for the micronized sample that was loaded on to a quartz filter where 101 percent recovery was obtained for Cr(VI).
These studies indicate that USEPA Method 3060A performed as written can lead to low recoveries for Cr(VI) in the NIST 2701 reference material. The modified version of USEPA Method 3060A where the magnesium coprecipitation reagent and the phosphate buffer were omitted resulted in higher (85 percent) recoveries of Cr(VI) in NIST 2701. The testing of an alternative extraction method using a 1 mM Na 2 CO 3 /9 mM NaHCO 3 buffer solution at a pH of 9-9.3 on a hotplate for one hour gave results similar to the modified USEPA Method 3060A extraction of 82 percent for NIST 2701. The ultrasonic bulk method and filter supported methods gave low recoveries for Cr(VI) in NIST 2701; however, the filter supported extraction resulted in higher recoveries as expected. Preliminary results for NIST 2700 were close to the predicted value using USEPA Method 3060A; however, the experiments need to be repeated to confirm the results and sample identity using the modified version of USEPA Method 3060A. As anticipated, experiments with reduced particle sizes resulted in increased recoveries for both NIST 2701 and 2700. Further testing is needed at additional extraction times and temperatures for the ultrasonic extraction method using both NIST 2701 and NIST 2700. Additional experiments are planned to evaluate potential species interconversion issues with the modified USEPA 3060A and the 10-mM sodium bicarbonate hot plate and ultrasonic extraction methods.
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Cr and we use either nitrogen or ammonia as the DRC reaction gas. 
Method Performance and Considerations
 Both Cr(III) and Cr(VI)
Calibration is performed using commercially available stock standards diluted in the mobile phase at 1, 2, 5, and 10 ppb. Detection limits and Practical Quantitation Limits (PQLs) were determined by the analysis of several low level spikes. Using nitrogen as the reaction gas, the PQL for both Cr(III) and Cr(VI) is 200 ppt. This is the lowest level spike that was recovered within 20 percent of the true value. The IDL is 100 ppt. The ability of the method to monitor Cr(III) and Cr(VI) in the same chromatographic run is useful for evaluating interconversion and species stability. Using ammonia as the reaction gas, slightly better detection limits can be obtained. However, the PQL is the same for both reaction gases tested at 200 ppt. The chromatogram shows low-level chromium standard at 200 and 500 ppt, recovered within 20 percent of the expected value.
Performance of Cr(VI) Extraction Methods with HPLC-ICP-MS Detection:
 Preliminary investigations using various buffer solutions reported in established regulatory methods and by Ashley and others 1 were carried out using spikes of Cr(III) and Cr(VI) in blank extraction solutions and comparing chromatograms to spikes in the HPLC mobile phase: 
Results of Extraction Tests:
 Phosphate and ammonium sulfate buffer solutions were incompatible with HPLC separation method  Caused multiple or broad peaks to occur
The two chromatograms above show 5 ppb Cr(III) and Cr(VI) standards in the mobile phase (green line) and the same spikes in the phosphate and ammonium sulfate extract solutions (purple line). Both of these buffer systems caused multiple or broad peaks to occur and were deemed incompatible with the analytical method.
Results of Extraction Tests (con't):
 Selected bicarbonate buffer system for further testing
However, the 5 ppb Cr(III) and Cr(VI) spikes in the 10mM sodium carbonate/bicarbonate buffer system at pH ~ 9.3 (purple line) are at the same retention time as the standards in the mobile phase (green line) and peak shapes and separation are good. This is the system we will perform further testing on. For extraction of air filters, we tested the 10 mM sodium carbonate/sodium bicarbonate buffer system. Filter samples were placed in 50 mL polypropylene centrifuge tubes and sonicated for 3 hours (without heat). At the end of the sonication step, the temperature in the ultrasonic bath was approximately 60°C. The solutions were then filtered using 0.45 μm syringe filters and disposable syringes. The extracts were diluted a minimum of 1:1 with the HPLC mobile phase and analyzed as soon as possible. Analytical spikes were performed on all samples.
Test Extraction Method Evaluated
Soil Extraction Study:
 USEPA Method 3060A as written is incompatible with our HPLC-ICP-MS detection method without large dilutions prior to analysis. The phosphate buffer added to the extraction solution appears to disrupt the ion-pairing separation. This requires extracts to be diluted 1:50 or 1:100 which increases detection limits. In addition the magnesium coprecipitation agent results in a flocculent precipitate which is hard to wash and filter. We have also observed poor recoveries when the magnesium is added, possibly due to co-precipitation of some of the hexavalent chromium with the magnesium hydroxide/carbonate precipitate. We will verify this with SEM. This is similar to a coprecipitation method we use at USGS for preparing magnesium and calcium carbonate microanalytical standards. In addition the method results in a large amount of waste and is operationally difficult to perform because of the numerous transfer and filtration steps required.  Extract SRM materials as provided (mean particle size ~200µm)  Micronize SRM materials to mean particle size ~30µm  Evaluate stability of micronized materials over time So, we looked at evaluating a variety of extractions for Cr(VI) in the recently developed NIST 2701 soil reference material and in the new NIST 2700 reference material. We evaluated USEPA Method 3060A as written, a modified version of USEPA Method 3060A where the sample size and extraction solution volume was reduced and the phosphate buffer and magnesium coprecipitation regent omitted. We also evaluated the 10mM sodium carbonate pH 9 extract successfully used for Cr(VI) in air filters both in a hot plate digestion and using ultrasonic extraction. We also looked at the effect of particle size on the extraction efficiency by comparing NIST 2701 as shipped (approximately 200 µm particles) with a portion that had been reduced to smaller particle sizes of approximately 30 µm.
Evaluation of
